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ABSTRACT
The purpose of this investigation was to study food hoarding 
behavior in three freely growing laboratory populations of prairie 
deermice. It had been previously noted that in approximately 90 
per cent of freely growing laboratory populations food was hoarded. 
For this study, hoarding was defined as daily removal of all food 
pellets from the feeder and storage elsewhere in the enclosure. 
Populations were considered to hoard if at least 30 pellets per 24 
hours were removed from the. feeder.
Proximity of the nestbox to the feeder, the hoarding animal, 
and the presence of pellets in the feeder were important in maintain­
ing hoarding activity and determining hoard location. The nestbox 
closest to the feeder was utilized as the hoard site when hoarding 
was initiated. However, in later tests, proximity of the feeder did 
not appear to be of importance since the hoard site was relocated in 
nestboxes which were varying distances from the feeder.
Both male and female (parous and nulliparous) mice hoarded. 
These mice rarely initiated aggressive activity and the hoard was 
never defended. Food pellets only were hoarded and not wooden 
pellets, cotton balls, or young. The fact that young were always 
transported to nestboxes other than the hoard site suggests that 
hoarding was not related to a maternal retrieving response.
The presence of pellets in a particular nestbox acted as a 
cue directing hoarding activity. During early tests when pellets 
alone were removed from the original hoard site, disruption of hoard­
ing occurred in two of the three populations. Later tests involving 
removal of (1) both hoarder and food pellets and (2) only pellets 
resulted in hoarding disruption in all populations.
No evidence was obtained in this study that hoarding causes 
cessation of population growth. It appears, however, to result in 
spatial organization of the population with respect to the hoard and 
location of food consumption. This may, along with other factors, 
influence cessation of growth in populations.
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A STUDY OF FOOD HOARDING IN FREELY 
GROWING LABORATORY POPULATIONS 
OF PRAIRIE DEERMICE
INTRODUCTION
Food hoarding is the activity whereby food is taken to a 
nestbox, or elsewhere, and stored without being eaten. Hoarding 
has been studied previously by releasing rats or laboratory mice 
singly from a cage into an alleyway which contained food pellets at 
its end (Morgan, 1947; Bindra, 1948; Ross and Smith, 1953; Smith 
and Ross, 1953a, 1953b; Broadhurst, 1958; Lindzey and Manoseyitz, 
1964; Manosevitz, 1965, 1967). Rats were considered to hoard if at 
least five pellets were taken from the alleyway to the home cage 
during trials which varied from 30 minutes to 24 hours. Mice were 
given trials varying from 20 to 60 minutes and movement of at least 
five food pellets from the alleyway to the home cage was regarded as 
hoarding.
Deermice of the genus Peromyscus have also been recorded 
as hoarding in natural populations (McCabe and Blanchard, 1950). 
These investigators found small stones, pellets of clay, seeds, 
grasses, and elderberries in a nestbox of P. maniculatus. In addi­
tion, nestboxes of P. californicus were found to contain caches of 
frui ts.
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The purpose of the present investigation was to study food 
hoarding behavior of prairie deermice, Peromyscus maniculatus 
bairdii, in a laboratory population context. Previous studies have 
shown that food was hoarded in approximately 90 per cent of freely 
growing laboratory populations (Terman, 1961). This behavior was 
initiated just prior to cessation of population growth, and once 
begun usually continued as long as the population was maintained.
The objectives of this study were:
1. to describe hoarding,
2. to describe the reproductive and behavior charac­
teristics of hoarders,
3. to determine the parameters influencing hoarding,
and
4. to determine if hoarding is related to the cessation 
of population growth.
MATERIALS
Animals
The animals used in-this experiment were prairie deermice 
(Peromyscus maniculatus bairdii) whose ancestors were caught in the 
wild and maintained as a laboratory colony for approximately 13 
years. During this time sib matings were not permitted and wild 
mice were added to the colony once per year when possible.
Physical Environment
Experimental populations were maintained in a circular 
enclosure of corrugated aluminum enclosing 20 square feet of area.
The floor of each enclosure was covered with wood shavings, and 
eight quart-size glass jars served as nestboxes. As shown in 
Figure 1, these nestboxes were equally spaced and were arranged in 
a circular pattern at a distance of one foot from the center of the 
pen. Water was supplied ad libitum in the center of the pen and a 
food hopper was placed between nestboxes 1 and 8. Food used through­
out this investigation was D <5c G Research Animal Laboratory Diet for 
Rats and Mice. A ratio of 2.0 food pellets/animal/day was maintained 
throughout the growth of the population since previous tests showed 
the average consumption to be 1.6 pellets/animal/day. Each pellet 
measured 3/4-inch x 3/4-inch x 1/4-inch.
All populations were located in the same room. Air was 
exchanged in the room approximately ten times per hour and the tem­
perature was maintained between 21C and 24C. Lighting was automati­
cally regulated to facilitate observations of the normally nocturnal 
Peromyscus. From 2000 hours to 0800 hours, four 15-watt light bulbs 
provided light. At 0800 hours, these lights were automatically turned 
off and at 0815 hours, four 15-watt light bulbs were turned on and 
remained on until 2000 hours when the cycle was repeated.
5PROCEDURES AND RESULTS 
Population Founding and Growth
Procedures
Four freely growing populations were studied. The founders of 
each population were a male and a female from four different litters 
which were at least 12 weeks of age and which had been maintained as 
isolated bisexual pairs from weaning (21 days of age). Each animal 
was numbered by toe-clipping and wore an identification collar of 
glass beads. Further, the mice were acclimated to the light cycle 
of the experimental rooms for five days prior to founding the popu­
lations. They were introduced into the pens by placing them singly 
into each of eight nestboxes for 30 minutes prior to their release.
The populations were inspected every two weeks and the nestbox loca­
tion of each animal and of the food pellets was noted. The follow­
ing characteristics of females were also recorded: condition of
vagina (whether perforate or imperforate), pregnancy, and lactation. 
For the males, the position of the testes (whether abdominal or 
scrotal) was recorded. Births were also noted and young were toe- 
clipped at birth and were collared and weighed between the ages of 
60 to 80 days.
6Results
Food hoarding began in three of the four populations during 
the period of this study (344 days from founding). The population 
growth curves which record both the natural and accidental deaths 
are presented in Figure 2. The number of animals (ordinate) is 
plotted against the time (days) since the population was assembled. 
Each of the triangles or quadrilaterals records the birth of a 
litter, the female parent, and the number of young born and surviving 
ten days. The survival of each litter during ten days after birth 
is indicated by the slope of the upper side of the quadrilateral or 
triangle. The more acute the angle made with the date of birth, the 
greater the mortality during this time. A dotted line indicates 
accidental deaths of animals.
Cessation of growth (asymptote) occurred in populations 1 
and 4 during the period of this investigation. A population was 
regarded as having reached asymptote if during a minimum period of 
15 weeks following the birth of the last surviving litter, no young 
were born or survived 21 days (Terman, 1965).
As indicated by Figure 2, growth stopped in population 1 at 
17 animals after approximately 68 days, but reproduction did not 
stop until day 106. The population number decreased to 14 due to 
natural death of two mice and accidental death of one mouse.
Population 3 did not reach asymptote during the period of 
this study and contained 37 animals at day 344. Growth stopped in 
population 4 at 26 animals after approximately 125 days even though 
a litter was born on day 130. The population decreased to 24 due to 
the natural death of two adult animals.
The sizes of the populations at completion of the study are 
recorded in Table I. Mice killed accidentally during inspection were 
regarded as part of the population since very few died due to other 
causes after ten days of age.
Sex ratios varied between populations. A greater number of 
males than females were present in population 1 while in populations 
3 and 4 this ratio was reversed (Table I). These sex ratios did not, 
however, differ significantly.
Table I and Figure 2 further indicate that in populations 
1 and 4, only two founding females produced litters. In population 3, 
howeverj three founding females as well as four young produced 
litters.
General Behavior
Procedures
Each population was observed for two one-hour periods per 
day during the first two days after release. Thereafter, each was 
observed for one hour per week and specific behaviors were recorded*
8These behaviors are listed and described in Appendix A and were 
modified from Eisenberg (1962).
Results
Due to insufficient time * an in-depth study of population 
behavior was not possible. However, some general statements can be 
made about the behavior characteristics of the populations.
In all populations, aggressive behavior was the most common 
type of social interaction. Populations 1 and 4 were characterized 
by little aggression whereas in population 3, a greater amount of 
this type of interaction occurred. The number of aggressive acts 
were recorded for each population during seven observations following 
founding (Table II). Population 3 showed a higher number of aggres­
sive acts than either population 1 or 4 during the first 48 hours. 
Then, aggressive activity decreased in all populations.
Specific mice (males) initiated aggressive activity and were 
considered to be the dominants. The behavior of the dominants, 
however, varied among populations. In populations 1 and 4, the 
identity of the dominants was no longer certain after approximately 
48 hours since few aggressive encounters occurred after this time.
In population 3, the dominant was identifiable even after 48 hours 
because the same animal continued to initiate the majority of 
aggressive acts.
9Hoarding Behavior
Frequency and Occurrence
Table III and Figure 2 indicate when hoarding began as well 
as when it became consistent. Consistent hoarding was defined as the 
daily removal of all food pellets from the feeder and storage else­
where in the enclosure. This was first observed on day 91 in 
population 1, day 203 in population 3, and day 194 in population 4. 
Population 2 did not hoard consistently and was not used in the hoard­
ing experiments.
All animals hoarding food are listed in Table III. Males as 
well as parous and nulliparous females hoarded. A higher percentage 
of females than males hoarded in populations 1 and 3 while in popu­
lation 4, the percentage of males was greater. None of these dif­
ferences were statistically significant.
Experimental Examination
A series of experiments were conducted as a means of system­
atically studying hoarding behavior. All experiments were carried 
out under dim-light conditions and were performed between 0815 and 
1130 hours. As part of each experiment unless otherwise noted,
30 pellets marked with food coloring were added to the food hopper. 
Following this, the latency of hoarding and the time by which all 
pellets \\;ere removed from the food hopper were noted.
10
Establishment of criterion.--In previous studies with Mus 
musculus, five pellets per 24 hours were used as a criterion of 
hoarding (Ross and Smith, 1953; Smith and Ross, 1953a, 1953b). 
Observations of the behavior of Peromyscus, however, indicated that 
this species would hoard a greater number of pellets per 24 hours. 
Thus, the criterion for hoarding by a population was 30 pellets per
24 hours, and the test was given three times with a one-day interval
between trials. No populations were used in subsequent hoarding 
experiments unless they had achieved this criterion.
Table IV indicates the hoarders and hoard sites in each popu­
lation. In population 1, female 3 hoarded the pellets during the 
three experimental periods. In population 3, four females and four 
males hoarded pellets. Male 36 was the initiating animal in all 
three tests. In population 4, no animal was consistent in initiating 
hoarding but five males and three females participated.
Hoarding preference.
Procedures. Once hoarding was established in each popula­
tion as defined by the criterion, preference for the types of mater­
ials hoarded was tested. The following materials were added to the 
feeder in a random sequence and each type was presented twice:
a. food pellets previously hoarded by the population,
b. food pellets hoarded by another population,
c. wooden pellets which were of approximately the
11
same size (3/4-inch x 3/4-inch x 1/2-inch) and of the same shape as 
the food pellets.
d. young animals which were born of isolated pairs in 
the colony and were a maximum of five days old--these young were 
placed in the shavings of a test population for approximately 24 hours 
prior to the test in order to minimize odor differences--, and
e. cotton balls which were approximately 3/4-inch in
diameter.
Food pellets (controls) like those normally fed to the 
populations were added along with the test materials. In those tests 
utilizing food pellets from two different sources (a and b ) , each type 
was marked with food coloring. For tests a, b, c, and e: fifteen
items of test material were added to the feeder as well as fifteen 
control pellets. For test d , five young were added to the feeder 
along with 25 control pellets and they were removed after one hour.
The presence of the control pellets with the test materials permitted 
simultaneous measurement of hoarding behavior and discrimination.
A one-hour period of observation followed the addition of 
each type of material and there was a one-day interval between 
presentation to the same population. If the materials and/or pellets 
were not hoarded within one hour after presentation the feeder and 
nestboxes were inspected for these items on the following day.
Results. In test a, 100 per cent of the pellets pre­
viously hoarded by the population plus the control pellets were 
hoarded. In test b, 100 per cent of the pellets from other
12
population plus control pellets were hoarded.
During test c, only food pellets were hoarded. In test 
d, the control pellets were hoarded, but the young were never taken 
to the hoard site although they were transported to different nest­
boxes. Females of varying reproductive conditions in all populations 
as well as males in populations 3 and 4 participated in this move­
ment (Table V). Most of these females and males had engaged in 
hoarding activity. During test e, only food pellets were hoarded 
and cotton balls were used for nesting material.
Effects of the addition of excess food.--
Procedures. The previous experiment demonstrated that 
hoarding behavior was not significantly altered even when the food 
pellets had been exposed to various conditions. Therefore, it was 
decided to determine whether the quantity of food rather than charac­
teristics of the food would increase the latency of hoarding as well 
as the time required for complete removal from the feeder. Four 
tests were carried out on each population. In each of the first two, 
50 pellets were added to the feeder, and in each of the last two, 100 
pellets were added. All pellets were marked with food coloring.
There was a minimum of one day between tests and a one-hour observa­
tion followed the addition of pellets. If 'the pellets were not 
hoarded during the one-hour observation period, their location was 
recorded on the following day.
Results. Table VI shows the results of this experiment.
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For comparison purposes, the latency of hoarding prior to the begin­
ning of these tests is also given. For populations 1, 3, and 4, 
this was 91.0-, 17.0-, and 20.7-seconds, respectively. When quanti­
ties of 50 and 100 pellets were added, the mean latency of hoarding
\
in populations 1, 3, and 4 was 2.0-, 10.0-, and 19.0-seconds, respec­
tively. As shown by the Mann-Whitney U test this decrease in average 
latency to hoard was significant only at .05 < P<h.l due to the high 
degree of variability within populations.
Hoard location.--The following experiments were designed to 
determine factors which influence the location of the hoard. All 
experiments were replicated on consecutive days in the same popula­
tion, and a minimum of 24 hours elapsed between the testing of 
different variables. Below is a brief description of these experi­
ments, the sequence in which they were performed, and the results 
obtained. (See Appendix B for summary of following results.)
Movement of nestboxes.
Procedures. Observations revealed that the nestboxes 
to which food was hoarded were those located closest to the food 
hopper (see Figure 1). These hoard sites were nestboxes 7 and 8 in 
population 1, nestbox 1 in population 3, and nestbox 8 in population 
4. In order to determine if movement of nestboxes would disrupt 
hoarding or would stimulate hoarding to a new location, nestbox 1 in 
populations 1 and 4 and nestbox 8 in population 3 were moved closer to 
the food hopper approximately 15 hours prior to the addition of food.
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Results. No movement of the hoard from its original 
site occurred when other nestboxes were moved closer to the food 
hopper.
Pellet removal (hoard site).
\
Procedures. The purpose of this experiment was to 
determine if the presence of food influenced the selection of that 
site for subsequent hoarding. In each population all food was removed 
from the hoard site approximately 15 hours prior to adding food to the 
feeder. The location of pellets was noted at the end of eight hours 
during the first trial and after 24 hours during the second trial.
Food accumulated and maintained at least eight hours at a site other 
than the feeder was regarded as a hoard.
Results. The mice in populations 1 and 4 appeared 
disoriented--running in and out of nestboxes or around the pen while 
carrying food in their mouths. After the original hoard was removed 
in these populations, pellets were taken to a new location. Some 
variability of response occurred, however, during the replications of 
this experiment.
In population 1, initial hoarding was to various 
sites before finally stabilizing to two new nestboxes. In population 
4, no hoard site was maintained. Animals stole pellets from each 
other, and then scattered these in various locations. In population 
3 hoarding continued to the original hoard site (nestbox 1) and no 
new hoards were maintained. No disorientation, as described above, 
was exhibited.
Pellet addition.
Procedures. Since the previous test indicated that 
the absence of food from the hoard site altered the pattern of
hoarding in two of the three populations, the following experiment
\
was performed to determine if the mice could be induced to hoard to 
a new location by introduction of food. Ten food pellets were placed 
in nestboxes (1 and 8) in each population immediately before the 
addition of food to the feeder. Food was not, however, removed from 
other sites of the enclosure.
Results. There was no movement of the hoard from 
its location at the beginning of the test. These sites were nestbox 
3 (population 1), nestbox 1 (population 3), and nestbox 8 (popula­
tion 4) .
Pellet removal (all portions of enclosure).
Procedures. A previous experiment (pellet removal-- 
hoard site) resulted in a change of hoard site in populations 1 and
4. The following experiment was performed to determine if a more 
complete removal of pellets would again alter hoarding activity. All 
food was removed .from the enclosure approximately 15 hours before the 
hoarding trials began. As before, the location of pellets was noted 
at the end of eight hours during the first trial and at the end of 
24 hours during the second trial. Food accumulated and maintained at 
least eight hours at a location was regarded as a new hoard.
Results. In populations 1 and 4, movement of the hoard 
from its original location (nestbox 3 and nestbox 8, respectively)
occurred, although as before some variability of response was noted 
in the replications.
During the first trial in population 1, hoarding to
a new nestbox took place. However, during the second trial although
\
pellets were initially taken to new nestboxes, they were removed 
from these locations and maintained at the original hoard site (nest­
box 3) for 24 hours.
In population 4 during the first trial, pellets were 
maintained at the original hoard site. However, during the second 
trial, no hoard site was established after 24 hours. In population 3, 
no movement of the hoard from the original site (nestbox 1) took 
place.
Hoarder removal experiments.--In the following two experiments, 
mice were removed from the populations on the basis of frequency 
(number of tests in which the animal hoarded/total number of tests) and 
the intensity (total number of pellets hoarded/total number of pellets 
added for all the tests) of their hoarding activity during previous 
experiments. (See Appendix C for a description of the procedure used 
to determine which hoarders were removed.)
Although mice with a high frequency of hoarding usually showed 
a high intensity, there were exceptions. Some hoarded only one pellet 
during each test. Others hoarded only one pellet during some tests but 
a majority of the food during other tests. The frequency of the 
behavior was considered to be more important than its intensity.
were conducted.
Results. In the majority of tests, removal of both 
hoarder and pellets or pellets alone resulted in other sites being 
used for the hoard. In population 1, pellet removal caused movement 
of the hoard to a different location in 11 out of 12 tests, (See 
Appendix D.) In populations 3 and 4,.hoarder and pellet removal 
and pellet removal alone resulted in movement of hoard to a differ­
ent location in ten out of 16 tests and 17 out of 24 tests, respec­
tively (see Appendix D). None of the results indicated that a 
particular animal influenced disruption of hoarding. When disruption 
failed to occur, this indicated that pellets were being maintained 
in the previously established hoard site.
Hoarder removal.
Procedures. This experiment determined whether the 
removal of a hoarder alone on one day (phase 1) followed by his return 
on the next day (phase 2) affected hoarding activity.- The hoarder was 
removed 30 minutes before the addition of food pellets and was kept 
as described previously. The hoarder was returned 30 minutes before 
the second phase of the experiment and again food was added. There 
was a minimum interval of one day before the repetition of the above 
test sequence for the same animal in each population.
The same animals were taken out as during the previous 
tests, and a total of 26 tests involving hoarder removal were per­
formed .
Results. When hoarders were removed one at a time
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from the experimental populations, there was little disruption of 
hoarding.
Statistical comparisons.
The Fischer's Exact Probability Test for a 2 x 2 
contingency table was employed to determine the significance of the 
above data from the hoarder removal experiments. Since these tests 
involved a greater number of replications, their results were used 
in testing the significance of the above manipulations in altering 
hoarding activity. The Exact Test is based on the direct calcula­
tion of probabilities in a 2 x 2 contingency table when the numbers 
are small. (Siegel, 1956)
There was no significant difference in hoarding 
activity between the tests involving the removal of both hoarder 
and pellets in phase 1 and those involving only pellet removal in 
phase 2 (population 1, P =0.5000; population 3, P = 0.698; popu­
lation 4, P = 0.815). Both manipulations resulted in the hoard 
being moved from its original site.
In all populations the removal of both hoarder and 
pellets significantly altered the hoarding behavior as compared to 
the removal of hoarders alone (population 1, P = 0.001; population 
3, P = 0.028; population 4, P =0.0002). Removal of both hoarder and 
pellets resulted in the hoard being moved to a new location more 
frequently than did the removal of only the hoarder.
Removal of food pellets alone significantly altered hoard­
ing performance in contrast to the removal of individual hoarders
20
(population 1, P = 0.002; population 3, P = 0.004; population 4,
P = 0.00001). The removal of individual hoarders appeared to have 
no effect while the removal of food pellets was followed by the 
transfer of the hoard to a different location.
\  '
DISCUSSION
The data obtained in this study indicate that food hoarding 
is complex behavior. The first food pellets encountered by the 
mice were often hoarded. Frequently, however, the mice pushed 
aside pellets of food with their forepaws and appeared to select 
specific pellets before carrying them to the hoard site. Hoarded 
food was usually piled at the back and along the sides of the nest­
box, leaving the entrance free. Occasionally, wood shavings were 
piled in such a manner as to partially or completely block the 
entrance to the nestbox where food was hoarded. In spite of this 
barrier, hoarding still continued.
Hoarding occurred in two populations which achieved asymptote 
as well as in one which did not reach asymptote during the period of 
this investigation. In populations 1 and 4, hoarding began 23 days 
and 15 days, respectively, before the birth of the last surviving 
litter. These results are similar to those in a study by Terman 
(1961) where hoarding behavior began prior to the cessation of repro­
duction in all six experimental populations. These results suggest 
that the earlier hoarding began, the earlier each population reached 
asymptote (Table I. and Table III). In addition, a higher percentage
of mice hoarded in populations 1 and 4, 62.5 per cent and 79.9 per 
cent, respectively, than in population 3 (not at asymptote) where 
only 39.9 per cent hoarded (Table III).
No evidence was obtained in this study that hoarding causes 
the cessation of population growth. It appears, however, as sug­
gested by Terman (1961), to result in spatial organization of a 
population with respect to the hoard and location of food consump­
tion. This may, along with other factors, influence the cessation 
of growth in the population.
That hoarders rarely initiated aggressive activity is con­
sistent with the fact that the hoard was never defended physically. 
Hoarders were frequently active in examining the mouths of other 
members of the population as though searching for food while at the 
same time they ignored pellets which were scattered around the 
enclosure. When another mouse was found to have food, the hoarder 
either wrestled the food away and returned it to the hoard, or 
dragged the pellet along with the mouse still grasping the food with 
his teeth to the hoard site. Animals with food were ignored if they 
ran to the location of the hoard while being chased or went there to 
eat.
Food taken from the feeder or from the hoard by non-hoarders 
was usually eaten elsewhere in the enclosure. This stimulated the 
hoarders to chase the non-hoarders, wrestle with them, and return the 
food to the hoard. This behavior was similar to that exhibited by 
rats when group hoarding (several animals allowed to hoard
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simultaneously) was permitted (Miller and Postman, 1946). Some rats 
ignored the feeder and stole pellets from a hoard collected by another 
animal.
Smith and Ross (1953b) suggested that since mice were found 
to carry wooden blocks and cotton pellets, hoarding might be a 
modification of the nesting instinct. In this study the mice exhib­
ited a hoarding preference for food pellets and not for wooden 
pellets, cotton balls or young which were never taken to the hoard 
site. In addition, the fact that young were always transported to 
nestboxes other than the hoard site suggests that hoarding was not 
related to a maternal retrieving response.
The latency of hoarding and the time in which hoarding was 
completed became shorter throughout tests involving the addition of 
excess food to the feeder. Although this time decrease was signifi­
cant only at .05 < P <  .1, the results suggest a tendency for mice 
to become more consistent in their hoarding performance.
Three factors seemed to be important in maintaining hoarding 
activity, and determining hoard location. First, of greatest signi­
ficance, the presence of pellets in a particular nestbox acted as a 
cue directing hoarding activity. When pellets alone were removed 
from the original hoard site, disruption of hoarding occurred in two 
populations. The reason that it was not initially observed in the 
third population is unclear. However, it did occur in all popula­
tions during later tests involving both hoarder and pellet removal as 
well as when only pellets were removed. Disruption was characterized
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by a longer interval of time to complete hoarding in populations 3 
and 4 as well as the relocation of the hoard site in all experimental 
populations.
The second factor influencing hoarding activity was the hoard­
ing animal(s). When disruption of hoarding occurred, particular ani­
mals of population 1, female 3 and male 6; population 3, females 
24, 38; population 4, females 26, 31, 51, and male 8 were noted to 
relocate the hoards but others responsible for this relocation were 
not always identifiable.
The distance of the nestbox from the feeder prior to the ini­
tiation of hoarding was a third factor influencing hoarding behavior.
In all populations, the hoard site was first located at the nestbox 
closest to the feeder. However, in later tests, proximity of the 
feeder did not appear to be of importance since the hoard site was 
relocated in nestboxes which were varying distances from the feeder.
Thus, the data suggest that a particular animal was respon­
sible for initially establishing a hoard whose location was related 
to its distance from the feeder (population 1, female 3; population 3, 
female 26; population 4, male 8). Once this site was established, it 
appeared to act as a cue whereby other animals continued to hoard, 
and the removal of any hoarder had little or no effect on consistency 
of hoarding activity. However, when the hoard was removed, hoarding 
was disrupted and pellets were eventually taken to a new hoard site. 
This new site was selected by the original hoarder or by other hoarding 
animals. No data were obtained in this study indicating why specific
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mice hoarded and others did not. In addition, factors influencing 
the selection of alternative hoard sites upon the removal of both 
hoarder and pellets or only pellets from the population remain 
unclear.
Although differences in procedures between this experiment 
and other investigations of hoarding exist, some comparisons will 
be made between these studies.
In a summary of experiments dealing with hoarding behavior 
in rats, Morgan (1947) stated that food deprivation resulted in some 
physiological deficit (low blood sugar level) which increased hoarding 
activity. Stellar (1943) found that injections of insulin and glu­
cose failed to change hoarding level although his results were later 
discounted because of inadequacy of experimental procedure. Ross 
and Smith (1953) found that food deprivation (only one pellet given 
per animal at the end of a hoarding trial) decreased hoarding activity 
in the mouse, and satiation was followed by a high level of hoarding 
(1953a).
In these experiments with Peromyscus, neither food satiation 
nor food deprivation appear to have any relevance to hoarding activity. 
Food was always present in surplus in the enclosure, and hoarding 
occurred spontaneously. Even when pellets were removed for 15 hours, 
hoarding behavior was not affected. Pellets were absent from the 
population mainly during the bright-light cycle, and since vital 
activities such as feeding and hoarding occur during the dim-light 
cycle, the mice cannot be considered to have been deprived of food.
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Correlation between hoarding and emotionality (anxiety) 
has also been tested in rats (Bindra, 1948; Hess, 1953; and Broadhurst, 
1958) and in mice (Manosevitz, 1965). In particular, Manosevitz 
showed that strains characterized by high emotionality as measured by 
defecation or urination exhibited a high level of hoarding. Relating 
this data to this study, the presence of some type of physiological 
stress in the population might contribute to increasing the fre­
quency of hoarding behavior. For example, in populations 1 and 4, 
hoarding became consistent when no young were born or survived to 
21 days of age.
As was previously mentioned, some evidence of hoarding has 
been found in natural populations of Peromyscus (McCabe and Blanchard, 
1950). Although hoarding has been observed in populations in nature 
and in the laboratory, it serves a different function in both these 
situations. For example, the idea that hoarding is an environmental 
adaptation to preserve the species during adverse conditions 
(Ingersoll, 1917) offers a possible explanation for the behavior in 
the wild. However, this suggestion does not sufficiently explain 
hoarding under laboratory conditions where food is in surplus.
The explanation for hoarding activity in a laboratory popula­
tion still remains unclear although factors affecting its consistency 
and the location of the hoard site have been established. Further 
studies are needed to determine the cause for the behavior and its 
meaning in the population context.
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Appendix A
Catalog of social behavior measurements to 
be taken for thesis investigation
Initial contact
A. Naso-nasal
B. Naso-anal 
Sexual behavior
A. Investigate and smell opposite sex— genitals (mutual 
naso-anal contact)
B. Follow and driving--while female moves slowly ahead, the 
male follows behind
C. Attempts to mount
D. Ejaculation and drop off--typically followed by cleaning 
of genitals
Submission
A. Supine
B. Wild run retreat
C. Retreat — do nothing
D. Avoidance— wild and erratic leaps without any actual 
contact taking place
E. Return fight or fight back 
Grooming
A. Do
B. Allow
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V. Aggression
A. Upright threat--head directly forward to attack
B. Threat proper--animal remains on all fours with incisors 
bared and ears erect. It may dart head at opponent.
C. Rush and chase.
D. Modified fight--a rush and attack leap with clash and . 
immediate separation
E. Locked fight--the animals lock together with ventrums 
pressed together while rolling about
VI. Hoarding behavior
A. Hoarding from feeder to hoard.
B. Taking food from other mice at feeder
1. to hoard
2. eating
C. From mice--elsewhere 
To hoard
D. From mice eating outside hoard site 
To hoard
E. From elsewhere (other nestboxes)
To hoard
F. Chasing other mice and taking food from
1. to hoard
2. eating
G. Chasing other mice with food until they
1. went to hoard with food to eat
VII.
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2. left food at hoard 
Miscellaneous behavior
Wild running and jumping--circling of pen: no apparent
attack as cause
33
Experiment
Movement of 
nest boxes
Pellet 
removal 
(hoard site)
Pellet
addition
Pellet
removal
(entire
enclosure)
Appendix B
Hoarding behavior during experiments not 
involving hoarder removal
Population
Response
Hoarding
disruption 0 0 0
No hoarding
disruption 2 2 2
Hoarding
disruption 2 0 2
No hoarding
disruption 0 2 0
Hoarding
disruption 0 0
No hoarding
disruption 2 2
Hoarding
disruption 1 0
No hoarding
disruption 1 2
Vf
Figures indicate number of tests in which response occurred.
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Appendix C
*
Experiments used to determine hoarding frequency
Addition of excess food to feeder (100 pellets)
Movement of nestboxes 
Pellet removal (hoard site)
Pellet addition
Pellet removal (all portions of enclosure)
Test to determine where hoard maintained
Experiments are listed in the order in which they were per­
formed. Each experiment was repeated once for a total of 12 tests.
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TABLE II. Aggressive interactions between 
population animals
Observation Number of aggressive interactions
1
Population
3 4
1 14 36 4
2 6 21 5
3 6 9 0
4 0 10 8
5 4 7 5
6 3 4 4
7 o 1 7
X 4.7 29.3 4.7
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TABLE III. Hoarding; characteristics of 
populations
Population
1 3 4
Day hoarding 
first observed 34 92 101
Day consistent 
hoarding seen3 9! 203 194
Hoarders 
(identifica­
tion number)
Male 6 8 14 26 36b 56 58 76 8b 14 24 26
28 78 504 510 36 46 56 58
Female 3bc 13 21 25 13° 24 26 31 15 25 31 41
35 41 43 38 46 57 
513 519°
63 43 47 51
Percent of 
population 
hoarding
Male 33.3 15.5 33.3
Female 46.6 24.4 29.2
Days since founding of population. 
bAnimals initiating consistent hoarding. 
CParous females.
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TABLE IV. Hoarders and location of hoard 
site during criterion tests
Popu- Test Hoarders
lation replications (identification numbers) Hoard site
Male Female
1 1 3 nestbox 8
2 - - - - --  - - 3 nestbox 7
3 - - ■ - - 3 nestbox 8
3 1 . 36 58 78 13 24 nes tbox 1
2 36 58 78 26 nestbox 1
3 36 57 nestbox 1
4 1 8 58 14 31 25 nestbox 8
2 14 24 26 4 31 41 nestbox 8
3 58 14 24 31 nes tbox 8
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TABLE V . Reproductive characteristics of animals 
carrying young; to hoard site
Animal
(identification
number) Reproductive condition Hoarding behavior
Male
16
Female
3
13
41
46
1
15
Lactating
Testes scrotal 
Lactating 
Imperforate 
Imperforate
Testes non-scrotal
Pregnant
Imperforate
Hoarder
Non-hoarder
Hoarder
Hoarder
Non-hoarder
Hoarder
Non-hoarder
Non-hoarder
cL
TABLE V I . Comparisons of hoarding latency
Population
Latency during 
hoarding criterion 
tests
Latency to hoard 
after addition of excess food
50 pellets 100 pellets X
1 91.0 2 2 2 2 2
3 17.0 5 2 3 30 10
4 20.7 10 5 30 30 19
aTime recorded in seconds
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WATER
FOOD
Fig. 1. Diagram of population enclosure supplied with eight 
nestboxes and food and water.
Fig. 2. Growth curves and hoarding behavior of three 
experimental population.
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